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[1] An analysis of stratospheric nitric acid (HNO3)
observed by the Michelson Interferometer for Passive
Atmospheric Sounding (MIPAS) reveals a distinct, high-
altitude maximum, that appeared in late November 2003
in the polar upper stratosphere. Confined to the polar
vortex, the enhanced HNO3 layer intensified while
descending to the middle stratosphere, and disappeared
between mid-January and mid-February. The high-altitude
maximum is considerably enhanced compared to the weak,
secondary maxima previously reported in the literature.
Analysis of MIPAS stratospheric nitrogen dioxide (NO
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1. Introduction

[2] Nitric acid (HNO3) is an important minor constituent
in the middle atmosphere, and a key species of the odd
nitrogen (NOy) family; active odd nitrogen (NOx = NO +
NO2) is responsible for the major ozone loss catalytic cycle
in the middle stratosphere. In the lower stratosphere, HNO3

plays a multi-facetted role in chlorine-induced ozone loss
processes in the winter and spring. The distribution of
HNO3 in the middle atmosphere has been studied by
means of ground-based, satellite and airborne observations
in the last 3 decades. The 3-year climatology (1993,
1995, 1999) of millimetre-wave measurements at the
South Pole by de Zafra and Smyshlaev [2001] (herein-
after referred to as ZS2001) shows a pronounced annual

cycle with a maximum in winter and a minimum in
summer, and an HNO3-rich layer that peaks near 25 km.
Satellite observations from the Limb Infrared Monitor of
the Stratosphere (LIMS) [Austin et al., 1986] during the
winter 1978–79, from the Microwave Limb Sounder
(MLS) [Santee et al., 1999, 2004] during much of the
1990s, and from the Cryogenic Limb Array Etalon Spec-
trometer (CLAES) instrument in 1992 [Kawa et al., 1995]
have allowed mapping of inter-hemispheric variations in
the upper and lower stratosphere. These observations
revealed a meridional, equator-to-pole gradient, and a
strong seasonal cycle at high latitudes in both hemispheres.
While HNO3 is abundant in the 20–30 km height range in
the Arctic, where its mixing ratio exceeds 10 ppbv [Santee
et al., 2004], some observations revealed a weak, but
distinct secondary HNO3 maximum into the upper strato-
sphere, within the winter polar vortex [Austin et al., 1986;
Kawa et al., 1995; McDonald et al., 2000].
[3] Several mechanisms have been proposed to explain

these high-altitude HNO3 enhancements in the polar
winter. Gas phase reactions involving nitrogen species
lead to the formation of N2O5, which is then converted
into HNO3 by heterogeneous reactions. The high alti-
tudes preclude such reactions occurring on polar strato-
spheric clouds. Kawa et al. [1995] rather investigated
heterogeneous reactions on hydrated ion clusters to
speed up the conversion of N2O5 into HNO3. They
concluded that the ion concentration needed to generate
the second peak in HNO3 was too large. Bekki et al.
[1997] invoked heterogeneous chemistry on aerosol
sulfate particles to explain the HNO3 enhancements,
but the sulfate aerosol layer caps near 30–35 km.
ZS2001 successfully modelled high-altitude mid-winter
enhancements by combining these two mechanisms, with
ion cluster chemistry playing a dominant role in the mid
and upper stratosphere. Their study required a large, but
not unrealistic, downward flux of NOx from the polar
winter mesosphere.
[4] Energetic particle precipitation (EPP) is known to

create NOx in the mesosphere and thermosphere, and hence
to strongly influence its flux into the upper stratosphere.
First predicted by Solomon et al. [1982], observational
evidence for stratospheric NOx enhancements during and
after periods of high geomagnetic activity has been exten-
sively documented [e.g., Callis and Lambeth, 1998; Randall
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et al., 2001; Siskind et al., 2000, and references therein).
Most recently, Natarajan et al. [2004] have described
stratospheric NOx enhancements during April 2004, tenta-
tively attributing them to the large solar storm events of
October–November 2003.
[5] The aim of this paper is to show an extraordinary,

distinctive double-peaked layer in stratospheric HNO3 in
the Northern Hemisphere winter 2003/04, and to relate it
to the solar storms of 2003. Our analysis is based on
measurements by the Michelson Interferometer for Passive
Atmospheric Sounding (MIPAS) instrument.

2. Characteristics of MIPAS Observations

[6] MIPAS is an infrared limb sounder aboard the
Environment Satellite (ENVISAT) [Fischer et al., 2000].
Near-Real-Time (NRT) observations are provided by
European Space Agency (ESA). The instrument was
switched off in late March 2004, after intermittent disrup-
tions in preceding months. Improved retrieval algorithms

were implemented in NRT mode on November 4, 2003, the
starting date of our analysis.
[7] We used retrieved profiles of HNO3, methane (CH4)

and NO2 in the approximate height range 18 to 50 km, with
a vertical resolution of about 3 km, and an along-track
horizontal resolution of about 500 km. NRT data contain
missing orbits, and thus were aggregated in 2-day periods.
The time coverage is somewhat irregular, and consists of
four separate periods when a continuous stream of obser-
vations was acquired: period I (Nov 4–Dec 3), II (Dec 10–
Dec 15), III (Dec 24–Jan 8), and IV (Feb 13–Mar 26).
Validation studies for 2002 indicated that the accuracy of
the HNO3 and NO2 retrievals was around 10% [ESA, 2005].
[8] Along-track mixing ratios were interpolated onto

potential temperature (theta) levels using the retrieved
temperatures. Geographical coordinates were also converted
into equivalent latitudes (EqLat) using the Met Office
potential vorticity (PV). Manney et al. [1999] described
the use of scaled PV (sPV) in EqLat vs. theta cross-sections
of the type constructed in this study, and Orsolini et al.

Figure 1. Potential temperature/equivalent latitude cross-sections of HNO3

(ppbv) for a series of selected 2-day periods,between November 4, 2003 and February 20, 2004. Cross-sections pertain to 4 continuous data-acquisition periods (seetext), as indicated by coloured frames. Cross-sections extend up to 1710 K during periods I – II, and to 1300K duringperiods III – IV. Overlaid contours show sPV values of 1.4, 1.6, and 1.8 � 10

�4 1/s.
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